The Little Rock Air Force Base (LRAFB) tasked the ERDC to test and evaluate a concrete mixture design and the aggregates used therein. Experimentation consisted of basic aggregate test methods such as gradation, specific gravity, absorption, and organic materials. Concrete testing consisted of manufacturing a laboratory concrete mixture design provided by LRAFB and conducting compressive and flexural strength testing of cast specimens.
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Water used in concrete mixing was onsite potable water from Vicksburg, MS. Euclid Admixtures AEA 92 (air entrainment) and Eucon NW (superplasticizer -water reducer) were used at dosage rates of 0.5-2.0 oz/cwt and 4-6 oz/cwt, respectively.
Sampling was conducted by ERDC personnel at the temporary stockpile locations at Little Rock AFB on 4 April 2017. Stockpiles were first "rolled" to remove the top layer of materials and to facilitate more accurate sampling. Samples of materials were then hand shoveled into 5-gal buckets and transferred to a larger container for transport. Cement, fly ash, and Product 1 were transported in 55-gal drums while 1.5-in., #57, and sand materials were transported in supersacks. Due to concerns about the age of admixtures at the Little Rock location, fresh admixtures were also collected by the ERDC to be used in the mixture designs.
Aggregate testing procedures
All aggregate testing was conducted by technicians with appropriate certifications and with equipment that is regularly calibrated and certified by an external laboratory. Aggregates were stored in their transportation containers, either supersacks or 55-gal drums, until tested. Aggregates were placed into a 3-ft 3 concrete mixing drum and rotated before testing to alleviate any segregation that may have occurred during transportation. Gradations for all four aggregates were determined using ASTM C136 standards. Sieve sizes used for the 1.5-in. and #57 materials were 4 in. Relative densities and absorptions of the 1.5-in., #57, and Product 1 materials were determined by ASTM C127 standards. Relative densities and absorption of sand were conducted according to ASTM C128 standards. All ASTM C127 and ASTM C128 testing was conducted on two different material samples, and results were based on the average. Organic impurity testing on the sand was conducted according to ASTM C40 standards. A test matrix for aggregate testing with the number of samples shown is in Table 2 . 
Concrete mixture design testing procedures
All concrete mixing and testing were conducted by technicians with appropriate certifications and with equipment that is regularly calibrated and certified by an external laboratory. Concrete mixtures were batched according to ASTM C192 standards. A single mixture design was batched in triplicate, and each batch had a volume of 3 ft 3 . The three batches were each mixed, tested for fresh properties, and placed into molds on the same day during a 6-hr period. Immediately after mixing, the batches were tested for fresh mixed properties of slump, air content, and unit weight according to ASTM C143, ASTM C231, and ATM C138 standards, respectively.
After fresh property testing was completed, four 6-in. x 12-in. cylinders and four 6-in. x 6-in. x 21-in. beams were manufactured from each concrete mixture using appropriate plastic molds. Cylinders and beams were extruded from their molds approximately 24 hr after batching and were stored in either a 100% humidity concrete curing room (cylinders) or a lime-water bath (beams) of appropriate temperature according to ASTM specifications. A single cylinder and single beam from each batch were tested at 3, 7, 14, and 28 days according to ASTM C39 and ASTM C78 standards.
Results
Aggregate testing results
Final and processed data for aggregate testing are shown and discussed in this chapter. Raw data test results are included in Appendix A. Results from ASTM C136 for each aggregate are shown in Figures 1 through 4 . Two samples were tested for each aggregate. Of the materials tested, the #57 and sand aggregates met their respective specified gradation requirements. The 1.5-in. aggregate did not meet one of the five size fraction requirements, and the Product 1 aggregate was dissimilar to any standard concrete aggregate size.
According to ASTM C33 (Standard Specification for Concrete Aggregates), the 1.5-in. material was most similar to a #467 aggregate. This aggregate size is constrained by 100% passing 2 in., 95-100% passing 1.5 in., 35-70% passing 0.75 in., 10-30% passing 0.375 in., and 0-5% passing No. 4. Results for the 1.5-in material are given in Figure 1 . This material met all gradation requirements for a #467 aggregate except for 35-70% passing 0.75 in. For both samples, this aggregate was out of tolerance on this sieve size by an average of 2.43%, on the high side. The material was 100% passing on the 1.5-in. sieve and 92% passing on the 1-in. sieve. This would indicate that the nominal maximum size is 1 in. A #57 material is required by ASTM C33 to meet the size requirements of 100% passing 1.5 in., 95-100% passing the 1 in., 25-60% passing 0.5 in., 0-10% passing No. 4, and 0-5% passing No. 8. Results for the #57 material are given in Figure 2 . The tested material met all requirements on both samples. The aggregate "Product 1" was unknown but appeared to be an intermediate size aggregate. Results for the "Product 1" material are given in Figure 3 . ASTM C136 results showed that this material did not meet the requirements of any concrete aggregate listed in ASTM C33. The most similar standard size material appeared to be a size #89, in which the material met three of the six gradation requirements for that size. Results for the sand aggregate material are given in Figure 4 . The sand tested met all ASTM C33 requirements for a standard concrete fine aggregate. Results from ASTM C117 are shown in 
Combined aggregate testing results
A combined aggregate gradation was determined based on the specific mix design parameters listed in Table 1 . Table 5 gives the results of the combined aggregate gradation. A combined percent retained chart was created and is shown in Figure 5 . Each point on the percent retained curve designates a sieve size. Combined aggregate gradations were used in determining the power 45 curve ( Figure 6 ) and coarseness and workability factors.
The combined percent retained showed an area of gradation between the No. 4 and No. 30 sieves in which there were two low points between two peaks. As per the specifications, it was indicated that there should be no more than one low point between two peaks.
The combined gradation curve ( Figure 6) The coarseness factor (CF) and workability factor (WF) for the combined aggregate gradation were determined using equations 1 and 2. Calculated values were 63.45 for CF and 33.51 for WF. Figure 7 illustrates the calculated CF versus WF factor and the target limits described in the specifications. As seen in the figure, the calculated values fell within the prescribed limits. = % % .
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F Figure 7 . Calculated CF versus WF with limits shown.
Concrete mixture design results
Final and reduced data for concrete testing is shown and discussed in this section. Raw data test results are included in Appendix B. Moisture contents of the materials at the time of batching were 0.22%, 0.37%, 3.40% and 2.94% for 1.5-in., #57, "Product 1," and sand materials, respectively. Batch quantities were adjusted for moisture contents to ensure consistency with field mixtures. Fresh concrete properties are shown in Table 6 for each mixture. Target fresh properties were slump of 0-2 in., unit weight of 143.1 lb/ft 3 , and air content of 6% ± 1.5%. Values were rounded to either the nearest quarter inch (slump) or the nearest tenth (unit weight, air content, temperature). Slump met the specified requirements, but was on the lower half of the targeted values. Unit weight values were 2.9% higher than the theoretical calculated values for the mixture. Air contents were within specified tolerances, but were 1.3% lower, on average, than the target air content.
Temperature met the requirements outlined in standard ASTM specifications for laboratory mixed concrete.
Based on visual inspection immediately after mixing, the concrete appeared to be stiff or "boney." This was expected as recent studies by the Federal Highways Administration have noted that mixtures adhering closely to the maximum density line of the power 45 chart can be dense and difficult to work (FHWA-HIF-15-019, 2015) . Cylinders and beams were vibrated to consolidate the mixture, and it was noted that the vibratory process took longer than for most concrete mixtures, and even with a longer vibration period there were still a large number of unclosed spaces and voids in the finished specimens. Figure 8 illustrates the unclosed holes in final specimens. 
Summary and Conclusions
Summary
Of the coarse aggregate materials, the #57 material met all requirements of ASTM C33 for a #57 aggregate. The 1.5-in. aggregate was similar to a #467 material, meeting all but one of the five gradation requirements. As the "Product 1" aggregate was most similar to a #89 material but met only three of the six gradation requirements for a size #89, the "Product 1" material did not fit into any size category described in ASTM C33.
Specifications stated a coarse aggregate nominal maximum aggregate size of 1.5 in. However, based on testing contained in this report, the nominal maximum aggregate size was 1 in. The combined aggregate gradation met the requirements of the 45 power chart but was frequently at the maximum upper end of the limit. The gradation was within the limits of the coarseness versus workability factors.
The concrete mixture met the slump and air content tolerances as specified, but the air content was 1.3% lower, on average, than the target. Measured unit weight was 2.9% higher than theoretical. Visually, the mixture appeared stiff, or "boney," and was difficult to finish. The mixture was difficult to work into molds and had to be vibrated longer than usual to consolidate.
On average, hardened concrete properties of compressive and flexural strength met 28 day specification guidelines at 7 days.
Conclusions
In general, there were some discrepancies in the coarse aggregate materials, such as not fitting into ASTM C33 gradation categories and the actual nominal maximum aggregate size being lower than specified. However, the combined gradation was able to achieve the prescribed power 45 and workability versus coarseness requirements. Fresh mixed concrete properties of slump and air content and hardened properties of compressive and flexural strength also met the requirements outlined.
Despite meeting the tested concrete performance properties, the mixture was difficult to finish and consolidate. Definitive conclusions on mixture design performance are not obtainable from this study as only a portion of the specified requirements were evaluated. However, the mixture design did meet all of the combined gradation, fresh mixed concrete properties, and hardened concrete properties that were selected for testing.
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F Figure B1 . Three-day compressive strength 6x12 cylinder. 
